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.2013.01.0Abstract Antibacterial activities of ﬂesh and coelomic ﬂuids of three species ofHolothuria (Holoth-
uria scabra, Holothuria leucospilota and Holothuria atra) were detected against number of human
and ﬁsh pathogens (Staphylococcus aureus ATCC 6538, Pseudomonas aeruginosa ATCC 8739, Vib-
rio damsela, Streptococcus faecalis and Escherichia coli). Antibacterial activity was estimated in the
form of absolute activity unit (AU) for crude of four organic solvents (ethanol extract, methanol
extract, methanol/chloroform extract and ethyl acetate extract). Considerable antibacterial activi-
ties were observed in the methanolic extracts of coelomic ﬂuid and ﬂesh of all Holothuria species
against S. aureus ATCC 6538. Their AU ranged from 2.3 to 2.8. Noticeably, crude extracts of
H. scabra exhibited abroad spectrum effect against all tested pathogens. As well as, it has the high-
est average and positive records of activities. The antibacterial agent(s) from crude of H. scabra was
characterized as carotenoids using gas liquid chromatography–mass spectra (GC–MS) and then
preparative high performance liquid chromatography (HPLC). The xanthophyll, b-crptoxanthin
and b-carotene were detected by preparative HPLC in both methanolic ﬂash and coelomic ﬂuid
extracts of H. scabra. Their concentrations in ﬂesh were; 875.4, 724.5 and 1423.3 lg/l, respectively,
while in coelomic ﬂuid were; 1186.1, 885.4 and 1902.6 lg/l, respectively. The AU of total carote-
noids of H. scabra ﬂesh and coelomic ﬂuid against S. aureus ATCC 6538 were 1.4 and 1.6. Results
suggest that marine Hurghada’s Holothuria species are a potential source for the discovery of nat-
ural antibiotics.
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04Introduction
Modern technologies have opened vast areas of research for
the extraction of biomedical compounds from oceans and seas
(De Vries and Hall, 1994; Haug et al., 2002a; Samuel et al.,
2011). During the last decade, there has been an increase in re-
search on marine crustaceans, molluscs and echinoderms, par-
ticularly interest on their secondary metabolites with desirable
antimicrobial properties (Haug et al., 2002a; Jawahar et al.,
2002; Casas et al., 2011).ational Institute of Oceanography and Fisheries.
186 H.A.H. IbrahimA lot of these organisms produce their antibacterial factors
as a ﬁrst line of defense against pathogenic microorganisms
(Haug et al., 2002b). It has been settled that, there is a variety
of antimicrobial compounds including steroidal glycosides
(Andersson et al., 1989; Jawahar et al., 2002), polyhydroxylat-
ed sterols (Iorizzi et al., 1995, 2001), naphthoquinone pigments
(Service and Wardlaw, 1984), lysozymes (Stabili and Pagliara,
1994), peptides antibiotics (Beauregard et al., 2001), and com-
plement – like substances (Leonard et al., 1990) have been iso-
lated from enchinoderms.
On the other hand, the multi-resistant nature of pathogens
to antibiotic is the serious threat and has stimulated search for
novel antimicrobial agents from various natural sources
(Abubakar et al., 2012). The resistance to current antibiotics
remains a signiﬁcant challenge for pathogenic bacterial infec-
tions (Mayer et al., 2007). Therefore, the search for alternative
antimicrobial agents from alternative sources became an essen-
tial demand. It is widely accepted that new drugs, especially
antibiotics, and that the most propitious source remains natu-
ral products (Bull and Stach, 2007; Mayer et al., 2007).
Of the ﬁve extant classes of echinoderms, it is the sea urch-
ins (Echinoidea) and the sea cucumbers (Holothuroidea) that
are both commercially ﬁshed and heavily overexploited. Sea
cucumber cultivation are now well established and practiced
in China, India, Australia, Indonesia, the Maldives and the
Solomon Islands, with the focus of the research effort for both
temperate and tropical species being centered on the produc-
tion of juveniles in hatcheries for the restoration and enhance-
ment of wild stocks (McClintock, 1989; Bryan et al., 1997).
Echinoderms have been, and continue to be, examined as a
source of biologically active compounds with biomedical
applications. Sea cucumber has been valued in Chinese
medicine for hundreds of years as a cure for a wide variety
of ailments (Kelly, 2005). Some more recently isolated
compounds, mainly from sea cucumbers and starﬁsh, and
including those with antitumor, antiviral, anticoagulant, anti-
angiogenic, anticancer, antihypertension, antiinﬂammatory,
antimicrobial, antioxidant, antithrombotic, antitumor and
wound healing have been ascribed to various species of sea
cucumbers. When wild stocks decline, the demand created in
the market place raises to the price of the product and, conse-
quently, culturing is more likely to become viable economically
(Jawahar et al., 2002; Althunibat et al., 2009).
Therapeutic properties and medicinal beneﬁts of sea cucum-
bers can be linked to the presence of a wide array of bioactive
substances especially triterpene glycosides (saponins), chondroi-
tin sulfates, glycosaminoglycan (GAGs), sulfated polysaccha-
rides, sterols (glycosides and sulfates), phenolics, cerberosides,
lectins, peptides, glycoprotein, glycosphingolipids, terpenoids
and essential fatty acids (Bordbar et al., 2011).
The current work was suggested to extract and characterize
antibacterial agents from ﬂesh and coelomic ﬂuid of Hurghada
sea cucumber species.Materials and methods
Experimental animals and samples collection
Live specimens of the sea cucumbers; Holothuria scabra,
Holothuria leucospilota and Holothuria atra were obtained by
catching from Hurghada station, NIOF, Red Sea, Egypt.Coelomic ﬂuid was withdrawn immediately from the coelomo-
cytes by puncture of the body wall with a sterile needle con-
nected to a syringe. The dark outer layer of the body was
scratched by a clean knife and all organs and tissues were dis-
carded. The body was cut into 1 cm2 pieces for extraction step.Extraction of antibacterial agents
The extraction step was modiﬁed from that described by Haug
et al. (2002b). Twenty grams of each specimen were extracted
with appropriate organic solvents to give 20% (w/v). Solvents
used were; ethanol (70%), methanol, ethyl acetate and chloro-
form/methanol (2:1). Shaking well at 120 rpm for 1 week was
done. Solvents were evaporated using rotary evaporator, and
then the supernatant residueof each samplewas collected, stored
at 4 Cand applied for testing the activity of antibacterial agents
(Fig. 1).
Bacterial indicators
The bacterial indicators used in the current investigation were;
Staphylococcus aureus ATCC 6538, Pseudomonas aeruginosa
ATCC 8739, Vibrio damsela, Streptococcus faecalis and Esche-
richia coli.
Estimation of antibacterial activity
After extraction, each fraction was tested as antibacterial agent
using well-cut diffusion technique. Fifty milliliters of nutrient
agar medium inoculated with indicator microorganisms were
poured into all plates. After solidifying, wells were punched
out using 0.5 cm cork borer, and each of their bottoms was then
sealed with two drops of sterile water agar. One hundred micro-
liters of tested bacterial ﬁltrates were transferred into each well
after sterilizing by ultra-ﬁltration using 0.22 l sterilized ﬁlters.
All plates were incubated at appropriate temperature for
24–48 h at 37 C. After incubation period, the radius of clear
zone around eachwell (Y) and the radius of the well (X) were lin-
early measured in mm, where dividingY2 overX2 determines an
absolute unit (AU) for the clear zone. The absolute unit of each
antagonistic isolate, which indicates a positive result in the
antagonistic action, was calculated according to the following
equation (Yang et al., 1992): AU = Y2p/X2p.
Detection and separation of carotenoids by HPLC
The carotenoids in the effective extracts were detected using
HPLC (Agilent Technologies 1200 Series, German) with UV/
VIS detector and column: Eclpise XDB C18, 5 micrometer
(4.6\150 mm) at 480 nm in National Oceanography and Fish-
eries, Egypt. Standards of xanthophylls, b-crptoxanthin and
b-carotene were injected in 10 lg/ml. For separating carote-
noids, the conditions of apparatus were the same of detection
plus fraction collector. Separation of the fractions were per-
formed with a linear gradient of 0–50% acetonitrile in acidiﬁed
water over 40 min at a ﬂow rate of 1 ml/min. About 10 ll of
the sample was injected using Hamilton syringe. Column efﬂu-
ent was monitored by its UV absorption at 480 nm. Fractions
corresponding to the absorbance peaks were hand collected in
glass tubes, reconstituted in dimethylsulfoxide (DMSO) and
tested for antimicrobial activity (Fig. 1).
Sea cucumber body
Flesh  Coelomic fluid 
Extraction by organic solvents
Antibacterial  activity (AU)
GC-MS to detect constituents 
of extracts
HPLC to detect 
carotenoids
Preparative HPLC to 
separate carotenoids
Antibacterial activity (AU)
Collection of 
carotenoids
Figure 1 Diagram showing the different stages of extraction and
antibacterial activity (AU).
Table 1 Physico-chemical properties of seawater from which
selected sea cucumber specimens were collected.
Parameter Value
Temperature 27 C
pH 8.3
Salinity 40.0&
Transparency 5.0
Total suspended matter 5.3
Dissolved oxygen 10.6 mg/L
Ammonia 2.2 mg/L
Nitrite 2.5 mg/L
Nitrate 1.8 mg/L
Phosphate 1.5 mg/L
Silicate 1.0 mg/L
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The resistance to antibiotics remains a signiﬁcant challenge for
pathogenic bacterial infections (Mayer et al., 2007). Therefore,
the scientists still research for alternative antimicrobial agents
from alternative sources. It is widely accepted that new drugs,
especially antibiotics, and that the most propitious source re-
mains natural products (Bull and Stach, 2007).
The recent studies on the bioactive compounds isolated
from marine organisms, mainly from sea cucumbers and star-
ﬁsh, have shown that they have antioxidant, antiproliferative,anticancer, antimicrobial, antifungal or antiinﬂammatory,
anticoagulant and other pharmacological activities (Kelly,
2005; Althunibat et al., 2009; Somnath and Ghosh, 2010;
Bordbar et al., 2011; Patar et al., 2012).
Generally, the overall objective of the current study was to
investigate the ability of organic extracts of the sea cucumbers
collected from the Egyptian Red Sea; Hurghada, to inhibit the
growth of pathogenic bacteria.
The conditions of sea cucumber habitat
The physico-chemical properties of seawater from which sea
cucumber specimens were collected exhibited normal environ-
mental conditions for the growth of the investigated organisms
(Table 1).
The identiﬁcation of the sea cucumber specimens were
kindly done by Dr. Hamdy Omar Ahmed (Marine Inverte-
brates’ Lab, NIOF, Alexandria, Egypt). They were three spe-
cies belonged to Holothuria (H. scabra, H. leucospilota and
H. atra). The physical properties of sea cucumber specimens
were observed for further information about them, including:
wet weight (g), dry weight (g), moisture content (%), coelomic
ﬂuid volume (ml) and coelomic ﬂuid color (Table 2). These
properties showed that the coelomic ﬂuids were colored. This
may be due to the presence of pigments; especially caroteno-
ides. The following data will conﬁrm this suggestion.
The researcher interested to determine the conditions under
which these species were habited. Matching with this meaning,
Lawrence et al. (2010) surveyed the waters of the Egyptian Red
Sea coast for species of sea cucumbers and analyzed extracts
from species for a range of bioactivities with potential biomed-
ical applications. They found 22 species of sea cucumber of
which two, Holothuria fuscogilva and Holothuria ﬂavomacula-
ta, were recorded in Egypt for the ﬁrst time. Their most signif-
icant ﬁnding was the intraspeciﬁc variation in bioactivity in
individuals collected from different habitats. This variation
may reﬂect the effect of environment on secondary metabolite
production or may indicate signiﬁcant genetic diversity be-
tween populations within a species.
The antibacterial activity of sea cucumber
The antibacterial activity of sea cucumber species under inves-
tigation was screened and expressed as absolute unit (AU).
The crude extracts of both coelomic ﬂuid and ﬂesh of
Holothuria species (H. scabra, H. leucospilota and H. atra)
Table 2 Physical properties of sea cucumber specimens.
Organism Wet wt. (g) Dry wt. (g) Moisture content (%) Coelomic ﬂuid volume (ml) Coelomic ﬂuid color
Holothuria scabra 16.3 2.8 82.8 25 Grey
Holothuria leucospilota 155.6 31.1 80.0 76 Pale brown
Hololhuria atra 76.5 8.5 88.9 10 Red
Note: These weights and volumes were expressed for average of at least three animals.
Table 3 Antibacterial activities expressed as (AU) of different
coelomic ﬂuids extracts against bacterial pathogens.
Organism Solvent type Bacterial pathogen
1 2 3 4 5
H. scabra Ethanol 1.8 1.8 2.5 ND ND
Methanol 1.8 1.8 2.8 ND ND
Chloroform ND 1.6 1.6 ND 1.2
Ethyl acetate ND ND 1.9 ND ND
H. lecuospilota Ethanol 1.8 3.2 2.3 1.6 ND
Methanol 1.8 ND 2.3 ND ND
Chloroform ND ND 1.4 ND ND
Ethyl acetate ND 1.7 ND ND ND
H. atra Ethanol 1.8 ND 2.6 ND ND
Methanol 1.8 ND 2.6 ND ND
Chloroform 1.4 ND ND ND ND
Ethyl acetate ND ND 1.2 ND ND
1= P. aeruginosa; 2 = S. faecalis; 3 = S. aureus; 4 = V. damsela
and 5 = E. coli. ND= Not detected.
A B
C
Figure 2 Inhibition zones of methanolic coelomic ﬂuid extracts
of H. scabra (A), H. atra (B) and H. lecuospilota (C) against S.
aureus ATCC 6538.
188 H.A.H. Ibrahimconﬁrmed their potential antagonistic effect against the bacte-
rial indicators (S. aureus ATCC 6538, P. aeruginosa ATCC
8739, V. damsela, S. faecalis and E. coli).
The results exhibited that the methanolic extracts of coelo-
mic ﬂuid were the most effective. The highest antibacterial
activity was recorded for methanolic extract of H. scabra
against S. aureus ATCC 6538 with AU= 2.8, followed by
2.3 and 2.6 for H. lecuospilota and H. atra, respectively
(Table 3; Fig. 2).
In addition, the highest AU was recorded for the methanolic
ﬂesh extract of H. scabra and H. lecuospilota against S. aureusTable 4 Antibacterial activities expressed as (AU) of different ﬂesh
Organism Solvent type Bacterial path
1
H. scabra Ethanol ND
Methanol 1.7
Chloroform ND
Ethyl acetate ND
H. lecuospilota Ethanol 1.7
Methanol 1.7
Chloroform ND
Ethyl acetate ND
H. atra Ethanol ND
Methanol 2.5
Chloroform 1.4
Ethyl acetate ND
1 = P. aeruginosa; 2 = S. faecalis; 3 = S. aureus; 4 = V. damsela and 5ATCC 6538 (2.7), followed by the methanolic ﬂesh extract of
H. atra against S. aureus ATCC 6538 (2.4) (Table 4).
Obviously, these data have been met with those of several
workers who screened the antibacterial activity of sea cucum-
ber species.
Ridzwan et al. (1995) screened three species of sea cucum-
bers in the Sabah coastal areas for the presence of antibacterial
activity. Both the lipid extract and the methanol–solvent ex-
tract from H. atra, and Bohadshia argus were found to show
no antibacterial activity. Phosphate-buffered saline (PBS) from
H. atra and B. argus, however, inhibited the growth of allextracts against bacterial pathogens.
ogen
2 3 4 5
2.0 1.8 ND ND
2.7 2.7 ND ND
1.6 1.6 ND 1.2
ND 1.2 ND 1.7
ND ND 1.6 ND
ND 2.7 ND ND
ND 1.4 ND ND
ND 1.8 ND 1.4
ND ND ND ND
ND 2.4 ND ND
ND ND ND ND
1.6 ND ND ND
= E. coli. ND= Not detected.
Figure 3 GC–MS chromatogram of methanolic extracts of H. scabra ﬂesh (A) and coelomic ﬂuid (B).
Antibacterial carotenoids of three Holothuria species in Hurghada, Egypt 189gram-positive and gram-negative bacteria. Comparisons were
also made between extracts from the outer layer of H. atra
and its inner part, and it was found that the extract from the
outer layer showed less bacterial growth inhibition property.
The bacterial growth inhibition property of the PBS extract
from H. atra, however, is dependent on the extract’s concen-
tration. Bacterial growth inhibition was apparent after 48 h
incubation.
Jawahar et al. (2002) studied antibacterial and antifungal
activities of alcoholic extracts of holothurian species such as
Actinopyga echinites, Actinopyga miliaris, H. atra and H.
scabra of Tamil Nadu Coast. Bacteria such as Aeromonas
hydrophila, E. coli, Enterococcus sp., Klebsiella pneumoniae,
P. aeruginosa, Salmonella typhi, S. aureus and Vibrio harveyi,and ﬁsh-borne mold, Aspergillus sp. were inhibited at varying
levels by the extracts of A. miliaris, H. atra and H. scabra.
Bacillus sp. was not affected by holothurian extracts. The re-
sults of the study revealed the presence of antimicrobial sub-
stances possibly steroidal sapogenins in Holothuria. They
concluded that there exist a great potential for the extraction
of bioactive substances of medical importance at a lower cost
from marine holothurians.
Haug et al. (2002a) screened the antibacterial activity of
different body parts of the sea cucumber Cucumaria frond-
osa. Antibacterial activity was detected in extracts from sev-
eral tissues in all species tested, but mainly in the
coelomocyte and body wall extracts. Relatively high antibac-
terial activity could also be detected in gastrointestinal or-
Figure 4 Mass spectra of the major compounds of methanolic extracts of H. scabra ﬂesh and coelomic ﬂuid that known as biologically
active.
190 H.A.H. Ibrahimgans and in eggs from C. frondosa. Their results suggested
that marine echinoderms are a potential source for the dis-
covery of novel antibiotics.
On the contrary, Lawrence et al. (2010) found that the bio-
activity of 22 sea cucumber species isolated from the Egyptian
Red Sea Coast had no antibacterial activity, while most ex-
tracts exhibited activity against Candida and Leishmania.As the current study conducted that the powerful solvent
was methanol, Mokhlesi et al. (2011) evaluated the same. They
investigated the antibacterial and antifungal activities of the
ethyl acetate, methanol and water–methanol extracts of the
cuvierian organ, coelomic ﬂuid and body wall of the sea
cucumber, Bohadschia marmorata, collected from Persian
Gulf, against Aspergillus niger, Candida albicans, S. aureus,
Table 5 The major components detected in the methanolic extracts of H. scabra ﬂesh and coelomic ﬂuid.
Serial No. RT Name of compound Molecular formula MW Peak area%
Flesh
1 7.76 Isoborneol, pentamethyldisilanyl ether C15H32OSi2 284 3.15
2 13.54 Octadecanoic acid, 3-hydroxy-, methyl ester C19H38O3 314 1.90
3 19.84 Retinol C20H30O 286 0.38
4 21.61 Cholesta-8,24-dien-3-ol, 4-methyl-, (3a´,4a`)- C29H44O2 398 4.44
5 28.27 Hexadecanoic acid, ethyl ester C18H36O2 284 16.04
6 29.33 Vitamin A palmitate C36H60O2 524 0.09
7 35.52 Eicosanoic acid, 2,3-bis(acetyloxy) propyl ester C27H50O6 470 17.98
8 38.48 Oxiraneoctanoic acid, 3-octyl-, methyl ester C19H36O3 312 17.82
9 41.76 Cholesta-5,7,9(11)-trien-3-ol acetate C29H44O2 424 9.14
10 43.69 Oleic acid, 3-(octadecyloxy) propyl ester C39H76O3 592 2.73
11 46.50 Docosanoic acid, 1,2,3-propanetriyl ester C69H134O6 1058 0.09
Coelomic ﬂuid
1 7.88 D-Mannose C6H12O6 180 4.78
2 8.90 a´-Sedoheptitol C7H16O7 212 0.23
3 27.11 Cyclopropanebutanoic acid, C25H42O2 374 4.68
4 28.05 Hexadecanoic acid, ethyl ester C18H36O2 284 20.89
5 30.49 Oleic acid C18H34O2 282 2.50
6 33.39 1-Heptatriacotanol C20H28O6 536 5.40
7 35.05 Cholesta-5,7,9(11)-trien-3-ol acetate C29H44O2 424 0.44
8 38.13 Octadecanoic acid, 10-oxo-, methyl ester C19H36O3 312 25.71
9 43.32 Vitamin A palmitate C36H60O2 524 0.05
10 46.16 Docosanoic acid, 1,2,3-propanetriyl ester C69H134O6 1058 0.05
RT = retention time, MW=molecular weight.
Table 6 Carotenoides types with their concentrations in extracts by HPLC.
Extract Carotenoides
Xanthophyll b-Crptoxanthin b-Carotene Total Conc.
RT (min) Area Conc. (lg/l) RT (min) Area Conc. (lg/l) RT (min) Area Conc. (lg/l)
Flesh 2.9 2.1 875.4 7.9 10.2 724.5 16.9 753.6 1423.3 3023.2
Coelomic ﬂuid 2.9 3.0 1186.1 8.1 18.4 885.4 17.0 995.1 1902.6 3975.6
RT = retention time.
Antibacterial carotenoids of three Holothuria species in Hurghada, Egypt 191P. aeruginosa and E. coli. Their results showed that methanol
extract of body wall and water–methanolic extract of cuvierian
organ (against A. niger) and methanol extract of body wall and
water–methanolic extract of cuvierian organ (against C. albi-
cans) showed signiﬁcant antifungal activities but no inhibitory
effect of the extracts against bacteria was observed.
Chemical composition analysis
The current study was extended to determine the GC–MS of
methanolic extract of H. scabra ﬂesh and coelomic ﬂuid. The
main constituents detected were organic acids, organic esters,
aldehydes, carotene and their derivatives. However, the
biological activities of the components identiﬁed in the metha-
nolic extract of ﬂesh and coelomic ﬂuid of H. scabra {Phenol,
4-(3-hydroxy-1-propenyl)-2-methoxy- (phenolic compound);
2-Isopropyl-5-methyl-1-heptanol (alcoholic compound); octa-
decanoic acid, 3-hydroxy-, methyl ester; cholesta-8,24-dien-3-
ol,4-methyl- (steroid-compound); vitamin A palmitate (reti-
nol); a´-Sedoheptitol; oleic acid; and Milbemycin B} have an
antimicrobial activity. The major constituents are represented
in (Figs. 3 and 4; Table 5).
Biological activity of components identiﬁed in the methano-
lic extract ﬂesh and coelomic ﬂuid of H. scabra was cited. Thephenolic nature of phenol, 4-(3-hydroxy-1-propenyl)-2-meth-
oxy-compound has antimicrobial, antioxidant and antiinﬂam-
matory activity, also the alcoholic nature of 2-isopropyl-5-
methyl-1-heptanol compound has antimicrobial activity
(Muthulakshmi et al., 2012). The steroid nature of cholesta-
8, 24-dien-3-ol, 4-methyl-, (3a´,4a`)- compound has antimicro-
bial, diuretic, antiinﬂammatory and antiasthma activity
(Muthulakshmi et al., 2012). The tetraterpenoid (carotenoid)
nature of vitamin A palmitate (retinol) has antimicrobial and
antioxidant activity (Plaza et al., 2010). The terpenoid nature
of a´-sedoheptitol has antitumor activity (Quintanilla-Licea
et al., 2012). The fatty nature of oleic acid showed activity
against both Gram-positive and -negative organisms (Kabara
et al., 1972; Plaza et al., 2010). The macrolides (antiobiotics)
nature of milbemycin B has antimicrobial activity (ECSOC-
2, 1998). The terpenoid nature of rhodopin (1,2-dihydro-c,
c-caroten-l-ol) showed antitumor antimicrobial antioxidant
activity (Delgado-Vargas et al., 2000).
Characterization of antibacterial agents
According to the presence of carotene (vitamin A palmitate
and retinol); category of carotenoids, in the crude extracts
and depending on their well known biological effects, the cur-
Figure 5 HPLC chromatogram of methanolic extracts of H. scabra ﬂesh (A) and coelomic ﬂuid (B).
192 H.A.H. Ibrahimrent study extended to detect and then separate the available
carotenoids. Consequently, the antibacterial activity against
S. aureus ATCC 6538 was estimated again.
The available forms of carotenoids in the methanolic ex-
tracts of H. scabra ﬂesh and coelomic ﬂuid with their corre-
sponding concentrations were detected using HPLC.
The concentrations of xanthophyll, b-crptoxanthin and
b-carotene in methanolic extracts of H. scabra ﬂesh were;
875.4, 724.5 and 1423.3 lg/l, respectively. On the other hand,
their concentrations in coelomic ﬂuid were; 1186.1, 885.4 andTable 7 Absolute activity of total carotenoids separated by
HPLC of methanolic extracts of H. scabra ﬂesh and coelomic
ﬂuid against S. aureus ATCC 6538.
Extract AU
Flesh 1.4
Coelomic ﬂuid 1.61902.6 lg/l, respectively (Table 6). Total concentration of
carotenoids detected in ﬂesh and coelomic ﬂuid of H. scabra
were 3023.2 and 3975.6 lg/l, respectively. The HPLC patterns
are shown in Fig. 5.
Finally, preparative HPLC was applied for separating bio-
active carotenoids. The three separated carotenoides (xantho-
phyll, b-crptoxanthin and b-carotene) were collected and
AU= 1.4 and 1.6 for total carotenoides from ﬂesh and coelo-
mic ﬂuid of H. scabra against S. aureus ATCC 6538, respec-
tively (Table 7).
The activity of methanolic extract of H. scabra ﬂesh and
coelomic ﬂuid may be due to the synergetic effect of separated
carotenoids. But it was lower than the crude (AU= 2.7 and
2.8) due to presence of other effective organic solvents and also
because of the low concentration of total carotenoids for both
ﬂesh and coelomic ﬂuid (nearly 3 and 4 mg/l, respectively) and
may be due to presence of other bioactive substances as be pre-
viously detected by GC–MS.
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and b-crptoxanthin are classiﬁed as unoxygenated (oxygen
free) while, xanthophylls are classiﬁed as carotenoids with mol-
ecules containing oxygen. Their color, ranging from pale yel-
low through bright orange to deep red, is directly linked to
their structure. Xanthophylls are often yellow, hence their class
name (Davies, 1991; Delgado-Vargas et al., 2000).
Several active ingredients present in different sea cucumber
crude extracts have been reviewed. For examples; Matsuno
and Tsushima (1995) reported the carotenoids in the seven
species of sea cucumber (Stichopus japonicus, H. leucospilota,
Holothuria moebi, Holothuria pervicax, Cucumaria japonica,
Cucumaria echinata and Pentacta australis. b-Carotene,
b-echinenone, canthaxanthin, phoenicoxanthin and astaxan-
thin were common in all the sea cucumbers examined. Bandar-
anayake and Des Rocher (1999) detected the epidermal tissues,
ovaries, viscera, gut contents, and the diet of H. atra (Jaeger),
collected from the Great Barrier Reef (GBR), Australia, just
prior to spawning, contained carotenoid pigments, mycospo-
rine-like amino acids (MAAs) and three other metabolites in
varying proportions. Mycosporine-glycine (mycosporine-gly),
palythine, asterina-330, shinorine, mycosporine-2-gly, por-
phyra-334, and palythinol in the epidermal tissues. Mojica
and Merea (2005) isolated lectin from the internal organ of
sea cucumber; H. scabra Jaeber. Silchenko et al. (2005) studied
triterpene glycosides of three species of the Mediterranean Sea
cucumbers Holothuria polii, Holothuria tubulosa, and Holothu-
ria sp. The triterpene glycosides belonging to holothurin A and
B groups were found in H. tubulosa, while only one individual
glycoside, holothurin A (4), was isolated from Holothuria sp.
Zhang et al. (2006a) isolated two new triterpene glycosides,
violaceusides A (1) and B (2), from the sea cucumber Pseudo-
colochirus violaceus as active compounds causing morphologi-
cal abnormality of Pyricularia oryzae mycelia. Zhang et al.
(2006b) extracted three new triterpene glycosides from the
sea cucumber Holothuria fuscocinerea resulted in the isolation
of, fuscocinerosides A (1), B (2), and C (3), along with two
known glycosides, pervicoside C (4) and holothurin A (5), as
active compounds causing morphological abnormality of
Pyricularia oryzae mycelia. Dang et al. (2007) isolated two
new triterpene glycosides, namely holothurin A3 (1) and A4
(2) from the methanol extract of the sea cucumber, Holothuria.
Althunibat et al. (2009) revealed that three species of Malay-
sian sea cucumber; H. scabra, H. leucospilota and Stichopus
chloronotus are potential sources of natural antioxidant and
anticancer agents. Park et al. (2011) investigated the biological
activities of Red Sea cucumber S. japonicus collected from Jeju
Island in South Korea. Results showed that water-soluble frac-
tions showed good antibacterial effects against S. aureus and
Staphylococcus epidermidis. Ming-Ping et al. (2012) isolated
two new alkene sulfates, (5Z)-dec-5-en-1-yl sulfate (4) and
(3E)-dec-3-en-1-yl sulfate (5), together with three known sul-
fated alkanes, 2,6-dimethylheptyl sulfate (1), octyl sulfate (2),
and decyl sulfate (3), were from the sea cucumber Apostichopus
japonicus. In preliminary bioassays in vitro, compounds 4 and
5 showed antibacterial, antifungal, and cytotoxic activities.Conclusions
In the present study, 21 major components from ﬂesh and coe-
lomic ﬂuid crude extracts of H. scabra were detected by GC–MS analysis. Three separated carotenoids (xanthophyll, b-
crptoxanthin and b-carotene) were collected by preparative
HPLC and the AU against S. aureus ATCC 6538 was then esti-
mated. However, the isolation of individual constituents and
subjecting it to biological activity will deﬁnitely give fruitful re-
sults. It could be concluded that, H. scabra contains several
bioactive compounds. So, it is recommended that further stud-
ies are needed to undertake its pharmacological activity and
toxicity proﬁle.Acknowledgments
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